This paper analyses sectoral business cycle synchronization in an enlarged European Union using annual data for the period 1980-2005. In particular, we try to identify which sector for each country is driving the aggregate output business cycle synchronization. Overall, the sectors that provide the most relevant contribution are Industry, Building and Construction, and Agriculture, Fishery and Forestry. In contrast, the Services sector, the largest one in terms of valued added share, shows a relative low business cycle synchronization and volatility, contributing only marginally to the aggregate output business cycle synchronization.
INTRODUCTION On 1 May 2004 the European Union (EU) welcomed ten new members: the Czech
Republic, Estonia, Cyprus, Latvia, Lithuania, Hungary, Malta, Poland, Slovenia and Slovakia. In addition, two other countries, Bulgaria and Romania, joined the EU on January 2007, and other countries are at various stages of EU membership. It is likely that all these countries will benefit from joining in the future the European and Monetary Union (EMU) in terms of inflation bias reduction, higher exchange rate stability, lower interest rates, and higher growth (Cyprus, Malta, Slovakia and Slovenia adopted the euro in the meantime). Therefore, a relevant question is whether these economies should also expect to face high costs from EMU membership. The theory of the Optimum Currency Area, first developed by Mundell (1961) , and including the classical contributions of McKinnon (1963) and Kenen (1969) , stresses the importance of international linkages between the members of a monetary union to face the loss of the country-independent monetary policy to smooth output fluctuations. 1 To the extent that monetary policy would have contributed to the stabilization of cyclical fluctuations in the past, the loss of the exchange rate control and of monetary independence can be seen as the stabilisation cost of joining a monetary union. Moreover, it has been shown in the literature that this stabilisation cost is a decreasing function of the correlation between the cyclical output of the member country and the cyclical output of the anchor country (in this case the EMU as a whole). Intuitively, if the business cycle of a country is very highly correlated with the EMU-wide cyclical output, then countercyclical monetary policy conducted by the European Central Bank (ECB) will be a very close substitute for the country independent monetary policy.
The main purpose of this paper is to analyse sectoral business cycle synchronization in an enlarged European Union. In particular, we first ask whether the business cycles of the new EU countries are synchronized and compare them with those of EMU members, using annual data for the period 1980-2005. Second, we analyse how business cycle synchronization evolves over time. Third, we try to identify which sector, in each country, is driving the aggregate output business cycle synchronization.
The results of the paper show that while for some countries (such as Cyprus, Hungary and Malta) EMU membership will be less costly, for the other countries with negative or negligible business cycle synchronization the stabilization cost could be relevant, at least in the short-run. However, business cycle synchronization seems to have increased over time, suggesting that stabilization costs could become less relevant in the future. In terms of sectoral decomposition, the results suggest that, although for each country it is possible to identify which sector is more able to explain the aggregate output business cycle synchronization, overall, Industry, Building and Construction, and Agriculture, Fishery and Forestry sectors provide the most relevant contribution. On the other hand, the Services sector shows relatively low business cycle synchronization.
The remainder of the paper is organized as follows. Section Two provides a brief literature review of the importance of business-cycle synchronization, particularly for the EMU. In Section Three, we present the empirical methodology used to evaluate aggregate and sectoral output business cycle synchronization. Section Four reports the results obtained, and finally, Section Five summarises the paper's main findings.
LITERATURE REVIEW
The literature on business-cycle synchronization in Europe (and how it compares to the U.S.) is vast. Bayoumi and Eichengreen (1993) found that demand and supply shocks are more correlated between states in the U.S. than in Europe, and that the U.S. states adjust more quickly to economic fluctuations than European countries. Using a different methodology, Wynne and Koo (2000) also found that business cycles are more aligned in the U.S. than in the euro area (of 11 members). Other authors, such as Clark and Shin (1998) and Clark and Van Wincoop (2001) , focused on both within-country and cross-country synchronization. They found that average within-country cyclical output correlations are larger than crosscountry correlations, for both the U.S. and European countries (and again that business cycles are more synchronized in the U.S. than in Europe). Peiró (2004) , examining the existence of asymmetries in industrial production in seven European countries for the period 1957-1998, finds that several of these countries have aligned business cycles.
Other studies have focused on business cycle correlation between the euro area and acceding countries.
2 Boone and Maurel (1998) analyzed unemployment and industrial production and found a high degree of business cycle correlation between acceding countries and Germany. Similarly, Artis et al. (2004) found that business cycles in Hungary and Poland are similar to those of the euro area. Korhoenen (2003) examining the monthly indicator of industrial production in the euro area and in nine accession countries, found that some applicant countries (particularly Hungary) showed a high degree of correlation with the euro area business cycle. In addition, correlation seems to be at least as high as in some smaller EMU members like Portugal and Greece.
Other studies have looked at changes in correlation patterns over time. Angeloni and Dedola (1999) found that the output correlation between Germany and other European countries has clearly increased during 1993 -1997 . Fatás (1997 , using annual employment growth rates for regions of France, Germany, Italy, and the UK, found that the average correlation with aggregate EU-12 employment growth has increased from 1966 -1979 to 1979 -1992 . Furceri and Karras (2008 , analyzing cyclical output for the EU-15 countries found that business cycle synchronization has also increased for many countries after the creation of the EMU. In particular, this increase in synchronization is present in all components of aggregate demand, as well as two supply-side variables, but it is more pronounced in the trade components (imports and, particularly, exports). They also showed that the increase in trade within the EMU area is at least partly responsible for the increase in cyclical synchronization.
The implications of the EMU for fiscal policy have also been considered in the literature. In fact, unlike other monetary unions, the EMU does not have a central fiscal authority, and stabilisation of shocks is left to the responsibility of the domestic fiscal policies of the EMU members. However, the literature has shown that the ability of the EMU members' national fiscal policies to smooth shocks is very modest.
3 As an implication, business-cycle synchronization is extremely important in the EMU not only because it reduces the probability of asymmetric shocks, but also because it makes it plausible to expect the ECB to respond to aggregate shocks and to implement stabilising interventions with greater ease.
The literature is much thinner on the analysis of sectoral business cycle synchronization. We believe that this is an important element which would provide useful policy indications, since it would enable to identify which sector for each country contributes more to synchronize aggregate output with the EMU-wide business cycle. As an example, we can mention the relative importance of the construction sector for some EU countries and its relevance in the context of the 2008-2009 economic crises. Thus, our analysis has the purpose of extending the literature and provides some more insights in understanding business cycle synchronization in the EU.
EMPIRICAL METHODOLOGY
We obtain the output business cycle measures by detrending the series of real GDP. Four different methods are used to detrend the output series of each country i and estimate its cyclical component. The first measure is simple differencing (growth rate of the real GDP).
The second and the third method use the Hodrick-Prescott (HP) filter, proposed by Hodrick and Prescott (1980) . The second method uses the value recommended by Hodrick and Prescott for annual data for the smoothness parameter (  ) equal to 100. The third method considers the smoothness parameter (  ) equal to 6.25. In this way, as pointed out by Ravn and Uhlig (2002) , the Hodrick-Prescott filter produces cyclical components comparable to those obtained by the Band-Pass filter. The fourth method makes use of the Band-Pass (BP) filter proposed by Baxter and King (1999) , evaluated by Stock and Watson (1999) and Christiano and Fitzgerald (2003) who also compare its properties to those of the HP filter. 4 While minor differences among the results obtained by the three filters can be detected (for example, differencing generally produces the most volatile series, while the BP the smoothest), the main characteristics are remarkably similar. This robustness will be formally assessed by the estimations of the empirical section.
In practice, we measure GDP business cycle synchronization for each country as the correlation between the country's cyclical component, c i , and the EMU's cyclical component, c EMU :
(1) Successively, in order to identify which sector j for each country i is mainly responsible for the aggregate output business cycle synchronization, we first compute the country's sectoral cyclical components, j i c , and then we compute the correlation between these components and the EMU's cyclical component:
Moreover, to determine the relative weight of each sector in the computation of the aggregate output business cycle synchronization, we compute the standard deviations of the country's sectoral cyclical components. In fact, it is clear that the higher is the volatility of a given sector, the more relevant is this sector in the computation of the aggregate output business cycle synchronization. In particular, if we could approximate 5 the country's GDP cyclical component c i as the weighted sum of the sectoral value added cyclical components (where the weights are given by the sector's share of total value added,
we could decompose the correlation between the country's cyclical component and the EMU's cyclical component, as a weighted average of the correlations between the country's sectoral cyclical components j i c and the EMU's cyclical component:
The weights, j i w , are represented by the share of output business cycle volatility (measured by the standard deviation of the cyclical components) attributable to each sector:
Therefore, equations (4) and (5) imply that the correlation between the countries's output cyclical component, c i , and EMU's output cyclical component, c EMU , depends on i) the correlation between the cyclical component of the value added of each sector and EMU's output cyclical component; ii) the share in terms of value added of each sector in the whole economy; and iii) the volatility of each sector's value added.
EMPIRICAL ANALYSIS
4.1. Data We use data from the European Commission Annual Macro-economic Database (AMECO).
7 Our dataset covers 28 countries: 13 EMU countries at the time, 3 old EU countries which have not adopted the euro, 11 new EU members, and one prospective member, Turkey, from 1980 to 2005.
The income variable we use to determine output business cycle synchronization is real GDP at 2000 constant prices. 8 We use data for Gross Value Added for the Industry (not including Building and Construction), Agriculture, Forestry and Fishery, Building and Construction, and Services sectors to decompose output synchronization into sectoral business cycle synchronization.
Output Business Cycle Synchronization
We compute the correlation coefficient of each country's cyclical component of real GDP with that of EMU, as a whole, using the HP filter with smoothness parameter equal to 6.25. Even though the estimated correlations vary according to the detrending method used, the implied rankings are very similar. Regarding the overall period, the highest Spearman's rank correlation coefficients is 0.936 (BP, HP6.25) and the lowest is 0.776 (Diff, HP100), as can be seen from Table 1 . Table 2 covers three different periods of analysis. The first, from 1980 to 1992, considers the EU15 countries. The second, from 1993 to 2005, considers all 28 countries. The third covers the full period from 1980 to 2005. In relation to the overall period, we can see that for most EMU countries business cycle is relatively well synchronized, even if for some countries (namely Finland) there is an almost zero correlation with the EMU economy as a whole.
Looking at the period 1993-2005, France shows an almost perfect correlation with the EMU economy. However, comparing the at the time 12 euro area countries with the 3 (old) non-euro economies, it is difficult to establish a systematic relationship. In fact, Denmark, Sweden and the UK appear to be more synchronized with the EMU-wide cycle than some euro area members, such as Greece and Finland.
Generally, the new EU member states showed higher synchronization with the EMU than the old members during the accession period. In particular, there are some new EU countries (such as Cyprus, Hungary and Malta) already well synchronized with the EMU, and with correlations comparable to, or even higher than, those of some of the old members. On the other hand, several new EU countries such as Estonia, Lithuania and Slovakia, exhibit negative correlations, and the same occurred for Romania and Turkey. The other new EU countries (namely, Czech Republic, Latvia, Poland, Slovenia and Bulgaria) show very negligible, even if positive, correlations. Overall, we can argue that while for some countries such as Cyprus, Hungary and Malta, EMU membership will be less costly, for the other countries with negative or negligible business cycle synchronization the stabilisation cost could be relevant, at least in the short-run.
Focusing on the 1980-2005 period is only feasible for the old EU members, but this can be used to indicate how the correlations have changed for these countries, and how they could change for the new Member States. The most striking fact to emerge from this exercise is that the degree of synchronization with EMU has remarkably increased for all countries (with the exception of Germany, where it remained broadly similar). 9 This result can be largely attributed to the achievement of a more integrated market since 1992, and to an increase in trade as pointed out by Furceri and Karras (2008) . More interestingly, the results show that the increased synchronization has been at least as large in the non-euro area as in the euro area economies.
Finally, given the increase in the intra-EMU share of trade for the new EU members after they joined the European Union, and given the fact that trade is the main factor driving synchronization, it is likely that the new EU members will increase the synchronization of their business cycle with the EMU's one.
10 Thus, as pointed out by Frankel and Rose (1998) , Rose and Engel (2002) , and Rose (2005) , the business cycle synchronization between the candidate countries and the currency union (or the anchor country) is endogenous, and it will tend to increase once the country joins the currency union.
Sectoral Business Cycle Synchronization Industry (excluding Building and Construction)
In Table 3 , we calculate for each country the correlation coefficient between Industry's value added cyclical component and that of the EMU-wide GDP, as well as the standard deviation of the Industry value added cyclical component (using the HP filter with smoothness parameter equal to 6.25 for consistency). For each country, we also report the share of total value added generated by the Industry sector. We also consider in Table 3 , as before, the three periods of analysis.
Looking at the shares of this sector we can see that Industry generated around one fourth of the total valued added (looking at the period where data for all 28 countries are available, it ranges from 13.0 percent for Cyprus to 32.4 percent for Ireland). Moreover, comparing the two sub periods it emerges clearly that this share is diminishing over time (in favour of the service sector as we will see below).
Regarding the overall period, we can see that for some countries such as France, Germany, Ireland, Italy and Spain, the Industry sector synchronization with the EMU-wide GDP is relatively high. Moreover, a sizeable volatility of this sector in these countries contributes to provide a significant contribution to total GDP synchronization. In contrast, for other countries such as Austria, Greece and Netherlands, the industry valued added cyclical component is weakly correlated with the EMU-wide business, and in the case of Greece it is also reduced by the relative high volatility.
However, looking at the two sub periods we can see an increase in the Industry business cycle synchronization for many EMU countries, contributing to the increase in GDP business cycle synchronization found in the previous section.
Finally, analyzing the period 1993-2005 we can see that while the new EU and candidate members show a higher volatility in the Industry sector, there is no particular difference between EU and EMU countries. In fact, while some of them (such as Cyprus and UK) are more synchronized than most of the EMU members, other countries (Hungary, Slovakia, Czech Republic and Estonia) show a negative correlation.
Building and Construction
In Table 4 , we present the results in terms of business cycle synchronization, volatility and share of total value added for the Building and Construction sector. In terms of the shares we can see that the valued added contribution generated by the Building and Construction sector is relatively small and around 6%. Moreover, comparing the two sub periods it emerges that for many EU15 countries (with the exception of Spain, Austria and Portugal) this share is declining over time.
Considering the overall period, we see that for some countries such as Ireland, Belgium and Sweden, the Building and Construction sector synchronization with the EMUwide GDP is relatively high, and it is also volatile, providing a significant contribution to total GDP synchronization. In contrast, for other countries such as Austria, this sector is negatively synchronized with the EMU-wide GDP, and for many other countries the correlation is negligible.
Regarding the two sub periods we can not observe, as in the case of the Industry sector, a systematic increase in business cycle synchronization (with the exception of Ireland, Spain, the UK, and Portugal). Additionally, analyzing the period 1993-2005, we observe that while the new EU and candidate members show a higher volatility in this sector, they have lower business cycle synchronization. In fact, most of them show a negative or quite negligible correlation.
Furthermore, it seems that for some countries such as Spain and Portugal, characterized by an increasing share and high and increasing business cycle synchronization in Building and Construction, this sector contributes significantly and positively to the computation of total GDP business cycle synchronization.
Agriculture, Fishery and Forestry
In Table 5 , we present the set of results for the Building and Construction sector. In terms of the share of this sector in total added value, we can see that it is quite small (with the exception of Finland, Greece, Portugal, Ireland, and Spain), and decreasing over time.
In relation to the overall period, we can see that for most of the EU15 countries the Agriculture, Fishery and Forestry sector synchronization with the EMU-wide GDP is relatively small. However, it is more than compensated, in terms of relevance in the computation of the aggregate output business cycle synchronization, by a high volatility (compared to the other sectors).
Concerning the two sub periods we can see that while synchronization increased for some countries (for example, Austria and Germany) it decreased for many others (especially Ireland). In contrast business cycle volatility seems to have remained quite stable.
At last, analyzing the period 1993-2005, again we can see that the new EU and candidate members show a higher volatility than in the Industry sector, but there are no major differences between the EU and the EMU countries in terms of business cycle synchronisation. Latvia seems to be an exception, being characterized by significant synchronization and high volatility. Overall, although this sector is characterized by relatively low business cycle synchronization, and it is very volatile, contributing nevertheless to GDP business cycle synchronization.
Services
In Table 6 , we present the same set of results for the Services sector. In terms of the share in total valued added, we can observe that the Services sector is the most relevant one in the European Union, around 60 percent, and its share is increasing over time.
Analysing the result in terms of GDP business cycle synchronization, in relation to the overall period, we can see that for Italy, Spain and Sweden the Services sector is well synchronized with the EMU-wide GDP. For the other countries the correlation is either negative (as in the case of Austria, Netherlands and Denmark) or negligible. Volatility is also relatively low compared to the other sectors, implying a low weight contribution to the aggregate output business cycle synchronization.
For the two sub periods we can see that while synchronization increased for some countries (especially France, and the Netherlands), significant decreases were recorded for Greece and Italy. For the period 1992-2005 the new EU and candidate members show an higher volatility in the Services sector (as in the other three sectors), but again there is no particular difference between EU and EMU countries in terms of sectoral synchronization. In fact, while countries such as Cyprus, Malta, and the UK are more synchronized than most of the EMU members, other countries (such as Hungary, Slovakia, Czech Republic and Estonia) show a negative correlation.
Overall, it seems that due to the low business cycle synchronization and the relative low volatility, this sector is the one that (compared to the other three sectors) contributes less to the aggregate output business cycle synchronization. 
CONCLUSIONS
The new EU member states are expected to join in the future the single currency. It is likely that all these countries will benefit in terms of inflation bias reduction, higher exchange rate stability, lower interest rates, and higher growth from joining the EMU. The theory of the Optimum Currency Area stresses the importance of business cycle synchronization (the business-cycle correlation between the candidate's economy and that of the euro area as a whole) to face the loss of a country-specific monetary policy notably to smooth output fluctuations.
The results of the paper show that there are some new EU countries (such as Cyprus, Hungary and Malta) already well synchronized with the EMU, and with correlations comparable to, or even higher than those of some of the old members. On the other hand, several new EU countries, such as Estonia, Lithuania and Slovakia, exhibit negative correlations, as do Romania and Turkey. However, it is worthwhile mentioning that this analysis can give useful indications in terms of stabilization costs only in the short-medium term. In fact, as it has been shown by Frankel and Rose (1998) , business cycle synchronization is likely to increase for the EU countries once they join the EMU, as EU membership could increase intra-EMU trade allowing business cycles to become more synchronized. It is significant that our analysis also shows that business cycle synchronization has increased for all the EU15 countries after the achievement of the Single Market (1991).
Successively, we tried to identify for each country which sector is driving the aggregate output business cycle synchronization. In particular, we considered four sectors: Industry (not including Building and Construction); Agriculture, Forestry and Fishery; Building and Construction; and Services.
For each sector we computed the respective total valued added shares, the sectoral business cycle synchronization and volatility. Overall, while the Services sector is the largest one in terms of valued added share, it shows relative low business cycle synchronization and volatility, implying that it contributes only marginally to the aggregate output business cycle synchronization. In contrast, the other three sectors are overall quite synchronized and relatively volatile, implying a higher and more relevant contribution.
Moreover, for each country is possible to identify which sector is more able to explain the aggregate output business cycle synchronization. For example, for countries like Germany, France, Italy, Cyprus and UK the Industry sector is the one that has the higher business cycle synchronization. For countries like Belgium, Spain (especially in the last decade) and Sweden the Building and Construction sector is the more relevant one. Finally the Agriculture, Fishery and Forestry sector is particularly important for the Czech Republic and Latvia.
Annex -Data Sources
Original series (from the EC AMECO database) AMECO codes
Gross domestic product at 2000 market prices -National currency: Data at constant prices. Gross value added at current prices; industry excluding building and constructionNational Currency: Data at current prices 1.0.99.0.UVG2
Gross value added at current prices; building and construction -National Currency: Data at current prices 1.0.99.0.UVG4
Gross value added at current prices; services -National currency: Data at current prices 1.0.99.0.UVG5 ***,**,* denote significance respectively at 1%, 5%, and 10%. Note: Hodrick-Prescott Filter with smoothness parameter equal to 6.25. ^We did not consider the years 1991 and 1992 to take into account the Finland crisis in the early 1990s.
***,**,* denote significance respectively at 1%, 5%, and 10%. ***,**,* denote significance respectively at 1%, 5%, and 10%.
The fourth method makes use of the recently very popular Band-Pass (BP) filter proposed by Baxter and King (1995) , and evaluated by Stock and Watson (1998) and Christiano and Fitzgerald (1999) that also compares its properties to those of the HP filter. The low pass (LP) filter ) (L  , which forms the basis for the band pass filter, selects a finite number of moving average weights h  to minimize:
and
, and then minimizing Q, we minimize the discrepancy between the ideal LP filter ) (  and its finite representation ) (  K at frequency . The main objective of the BP filter as implemented by Baxter and King (1995) is to remove both the high frequency and low frequency component of a series, leaving the business-cycle frequencies. This is obtained by subtracting the weights of two low pass filters. We define L  and H  , the lower and upper frequencies of two low pass filters as respectively eight and two for annual data. We therefore remove all fluctuations shorter than two or longer than eight years. The frequency representation of the band pass weights becomes ) ( ) (
, and forms the basis of the Baxter-King filter, which provides an alternative estimate of the trend and of the cyclical component. 
